The characterization and classification of white blood cells (WBC) is critical for the diagnosis of anemia, leukemia and many other hematologic diseases. We developed WBC-Profiler, an unsupervised feature learning system for quantitative analysis of leukocytes. We demonstrate that WBC-Profiler enables automatic extraction of complex signatures from microscopic images without human-intervention and thereafter effective construction of leukocytes profiles, which decouples large scale complex leukocytes characterization from limitations in both human-based feature engineering/optimization and the end-to-end solutions provided by modern deep neural networks, and therefore has the potential to provide new opportunities towards meaningful studies/applications with scientific and/or clinical impact
Introduction

1
Hematology tests provide laboratory assessments of blood formation and blood disorders, and play critical roles in the have gained momentum during the past decade for object representation and recognition (e.g., face representation 23 and recognition) [14] [15] [16] [17] . And their applications in various biomedical tasks [18] [19] [20] [21] [22] have demonstrated success with 24 the potential to provide a new avenue to data-intensive clinical studies, among which, the leukocytes classification 25 accuracy has been significantly improved due to the employment of deep neural networks (DNNs) [23] . However,
26
systems of such kind typically only provide the end-to-end (i.e., from data to classification) solution, which leaves 27 the characterization of white blood cells inaccessible, and thus impede the construction of leukocytes profile for many 28 potential needs, including profile interpretation, profile optimization, profile differentiation among cell types as well 29 as profile association with other meaningful endpoints.
30
Results
31
We applied unsupervised feature learning for the automatic acquisition of intrinsic signatures directly from raw data 32 (microscopic images) that facilitates the efficient and effective characterization and classification of leukocytes, skip-
33
ping conventional steps such as feature engineering (i.e., manually design and optimize features) while providing 34 meaningful cell profile that is typically inaccessible to many existing deep learning systems. We show that a well-35 designed unsupervised learning system is capable of automatic and efficient extraction of signatures (i.e., patterns 36 encode both color and texture information) directly from microscopic images, which provides the foundation for both 37 meaningful representation as well as effective classification of white blood cells.
38
The general principle of our leukocytes characterization and classification system (referred to as WBC-Profiler) 
Conclusions
68
In summary, we developed WBC-Profiler, an unsupervised feature learning system for efficient and effective leuko- 
